Hook-associated proteins (HAPs) were excreted intQ the culture medium of the Fla' strain as well as into the growth medium of the filamentless mutants of Salmonella typhimurium. This indicates that the bacteria synthesize HAPs excessively, beyond the amount required for construction of flagella. The extra HAPs are shed into the culture medium after a definite amount of each HAP has been assembled into the flagellar structure.
A flagellar filament of Salmonella typhimurium is composed of a single kind of protein, flagellin. It is constructed at the tip of the hook structure, which extends for ca. 50 nm from the basal body embedded in the cell surface layers (1) (2) (3) 16) . The flagellin molecules are arranged in the cylindrical structure of the filament with ca. 11 molecules per two basic helical turns (14, 15) . Flagellar filaments grow at their distal ends (4, 10) , and their elongation rate decreases exponentially with increases in their length (11) . From these observations, it has been inferred that flagellin molecules, which have been synthesized in the cell, are transported through a central channel of the filament to its distal end and polymerized. In a recent report (6), we have shown that unassembled flagellin molecules are excreted in the culture medium of S. typhimurium mutants defective inflaW,flaU, orflaV. They are structural genes for hook-associated proteins (HAPs), namely, HAPI (molecular weight, 59,000), HAP3 (31,000), and HAP2 (48,000 or 59,000) (8) . These HAPs are minor components of the flagellar structure. The mutants defective in HAPs construct the basal body and hook but lack the filaments (9) . We have proposed a layered structure model of HAPs, in which HAP1, HAP3, and HAP2 are assembled at the distal end of the hook in this sequence and the assembly of flagellin occurs thereafter (7) . According to this model, it is inferred that flagellin molecules synthesized in a cell body are transported to the tip of each hook through a central channel of the hook, but in the flaV,flaU, andfla W mutants, they are unable to polymerize at the tip because one or more HAPs are defective and excreted into the culture medium. In the present study, we found that unassembled HAPs are also shed in the culture medium.
The filamnentless mutants of S. typhimurium used in this study are listed in Table 1 .
The bacterial cells were grown in L broth, and in late log phase they were sedimented by an Eppendorf centrifuge. After proteins in the supernatant, i.e., the culture medium, were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), they were transferred onto a nitrocellulose sheet from the gel. The transferred proteins were incubated with antibodies against HAP1, HAP2, and HAP3 prepared previously (7) . The antibodies binding to the specific proteins were labeled with 125I-labeled protein A and detected by autoradiography ( Fig. 1 ). All three HAPs were detected in the culture medium from the HI H2 mutant defective in the flagellin genes. In the culture medium from the flaW, flaU, orflaV mutant, HAP1, HAP3, or HAP2 was not detected, respectively, but the remaining two HAPs were detected. At this stage of the analysis, no significant death or lysis of the cells was detected in the culture, and amounts of HAPs detected in the culture medium were roughly as large as those detected from the cells of the same culture (data not shown). Therefore, we concluded that HAPs were shed in the culture medium by excretion.
The following results show that HAPs in the culture medium are in an unassembled form. The proteins in the culture medium were separated by PAGE. An assembled structure is expected not to be destroyed in PAGE because the gel does not contain the strong detergent such as SDS. HAPs in the gel were detected by immunoblotting as described above except that anti-rabbit conjugated horseradish peroxidase was used for labeling the specific antibody (Fig.  2 ). In the above mentioned filamentless mutants, the same kinds of HAPs as detected by SDS-PAGE were detected also by PAGE. By the same method, all three HAPs were detected in the culture medium from the Fla' strain. These results indicate that HAPs of the unassembled form are excreted into the culture medium of not only the filamentless mutants but also the Fla' strain. As regards the hook protein, its unassembled form was detected only in the culture medium of the flaV mutant (Fig. 2) . It may be worth noting that the mobility of HAP1 in PAGE was distinctly greater than in SDS-PAGE compared with the mobilities of HAP3, HAP2, and hook protein.
Based on the inferences that (i) HAP1, HAP3, and HAP2 are assembled at the distal end of the hook in this sequence proteins in each culture medium (50 ,ul) were separated by SDS-PAGE in a 10% polyacrylamide gel by the method of Laemmli (13), they were transferred onto a nitrocellulose sheet. The blotted sheet was incubated with antibodies against HAP1, HAP2, and HAP3. The antibodies, which had reacted with proteins on the sheet, were labeled with i25I-labeled protein A and detected by autoradiography by the method described in our previous report (7) . (7), (ii) the presence of HAP1 on the hook is essential for the attachment of HAP3 to the hook structure and HAP3 is essential for the attachment of HAP2 (7, 9) , and (iii) the HAPl/hook protein/HAP3/HAP2 molar ratio is 1:10:1.1:0.53 in the hook from the filamentless mutant defective in flagellin synthesis (9), the above results are explained as follows. When a defined number of the HAP1 molecules have been assembled on the distal end of the hook, additional HAP1 molecules cannot be assembled any more and HAP3 becomes eligible to be assembled on the end. Similarly, when a defined number of the HAP3 molecules have been assembled on the end, assembly of HAP3 cannot proceed any more and HAP2 becomes eligible. Finally, when a defined number of the HAP2 molecules are assembled on the end, assembly of HAP2 cannot proceed any more regardless of the flagellin supply. Extra amounts of HAPs may be transported to the tips of the hooks and shed in the culture medium. While unassembled HAPs were detected even in the culture medium of the Fla' strain (Fig. 2) , unassembled H2-) . Proteins in each culture medium (50 pAl) were separated by PAGE in an 8% polyacrylamide gel. The PAGE was performed by the same way as was SDS-PAGE except that SDS was omitted from the gel. The proteins in the gel were transferred on a nitrocellulose sheet. The blotted sheet was incubated with antibodies against HAP1, HAP2, HAP3, and hook protein. The antibodies, which have reacted with proteins on the sheet, were detected by horseradish peroxidase-conjugate second antibody as described by the manufacturer (Bio-Rad Laboratories), with the following modifications. The blotted sheet was incubated with 3% gelatin in TBS (20 mM Tris hydrochloride [pH 7.8], 0.5 M NaCl) for 1 h at 37°C. After the sheet was rinsed with 1% gelatin in TBS, it was incubated in an antibody solution diluted 1:1,000 with 1% gelatin in TBS at 37°C for 5 h with gentle shaking and then washed with 1% gelatin in TBS four times (four changes) in 20 min. The sheet was incubated in an affinity-purified goat anti-rabbit immunoglobulin G (IgG) conjugation horseradish peroxidase (Bio-Rad) solution diluted 1:2,000 with 1% gelatin in TBS at 37°C for 5 h with gentle shaking and again washed with the solution four times in 20 min. After the sheet was washed with TBS, it was incubated in a mixture of 50 ml of TBS containing 30 5±l of ice-cold 30% hydrogen peroxide and 30 mg of horseradish peroxidase color development reagent (Bio-Rad) dissolved in 10 ml of ice-cold methanol.
flagellin is not detected in that of the Fla' strain (6) . It is thought that when construction of the filament starts, polymerization of the additional flagellin molecules proceeds as long as flagellin subunit molecules are supplied. 
